Objectives: To test whether the Global Positioning System (GPS) could be potentially useful to assess the velocity of walking and running in humans. Subject: A young man was equipped with a GPS receptor while walking running and cycling at various velocity on an athletic track. The speed of displacement assessed by GPS, was compared to that directly measured by chronometry (76 tests). Results: In walking and running conditions (from 2±20 km/h) as well as cycling conditions (from 20±40 km/h), there was a signi®cant relationship between the speed assessed by GPS and that actually measured (r 0.99, P`0.0001) with little bias in the prediction of velocity. The overall error of prediction (s.d. of difference) averaged AE 0.8 km/h.
Introduction
From the second part of this century, several methods have been developed to assess physical activity in humans (Schutz and Deurenberg, 1996) . These include the monitoring of pulmonary ventilation rate, heart-rate, activity diaries, time and motion studies as well as actometers and pedometers, which seem to be useful mostly for epidemiological studies (Sequeira et al, 1995) . More recently, the doubly-labeled water method (Schoeller et al, 1986) has generated great enthusiasm because it allows to inconspicuously estimate free-living energy expenditure over prolonged periods of time.
Physical activity involves by de®nition the movement of the body in various directions and with various velocities. Very recently, attempts have been made to assess the rate of spontaneous physical activity (Meijer et al, 1989; Bouten et al, 1994) or the velocity of walking in freeliving subjects (Aminian et al, 1995) by means of accelerometry. Since walking constitutes the major physical activity performed by all individuals, it seemed logical to be interested in the prediction of walking speed: from an energetic point of view, the speed and elevation of walking, together with body weight, are the three major factors in¯uencing its energy cost.
The idea in the present paper was to test a modern navigational technique based on the exact location of individuals on earth by satellites, namely the so-called American global positioning system (GPS).
Principle of GPS
Brie¯y, the GPS system is based on the emission of radio signals in a synchronized way by 24 satellites in orbit around the earth. Each satellite is equipped with an atomic clock which emits, at the speed of light, the exact time and its position with an incredible precision. The GPS receiver (worn on the subject) compares the time emitted by each satellites signal. This time is identical for all satellites but, in order to be recognized, each satellite has a different signature'. The lag timeÐmeasured by the receiverÐ between 2 satellites emissions is translated into distance by trigonometry. A computer can easily calculate the distance to each satellite from the measured time delay and the known velocity of the travelling signal. In order to identify one single point by triangulation, this method requires measurements from three satellites simultaneously in 2-dimensional plane (2D) and four satellites simultaneously in 3-dimensions (3D).
Material and methods
All measurements took place on an athletic track situated at 375 m above sea level. The speed of walking and running of the subject was directly determined by a Swiss certi®ed chronometer. The purpose was to compare the velocity of walking and running at various speeds (as assessed by chronometry) with that obtained by the GPS. The subject was a young man of 25 y (AC) who was involved in noncompetitive running. His body weight was 75 kg, his height 180 cm and his relative body fat 12%. In order to assure an almost constant rate of walking and running at each speed, the subject was wearing a portable metronome to time the cadence.
The GPS instrument used was the size of a mini-cellular phone and was of light weight (0.3 kg). It is commercially available (GPS 45, Garmin, Lenexa, KS 66125, USA). The actual cost is`500 US$. Nineteen different speeds of walking and twenty two different speeds of running were tested at a velocity ranging from 2±20 km/h as well as 35 speeds of cycling (below 40 km/h). The velocity of walking and running instantaneously displayed on GPS was recorded and averaged over 1 min and compared to that measured by chronometry.
Results
The relationship obtained between the velocity measured by chronometry vs. that calculated by GPS is given on Figure 1 . It can be seen that the correlation coef®cient between the GPS speed and the real speed was high (r 0.99, P`0.001) and the concordance was close to the identity line (slope 0.97x vs ideal slope 1.0x). Subsequent investigations performed at higher speeds (racing on a bike equipped with a tachymeter) con®rmed the linearity of response. The overall coef®cient of variation of the regression line was 5.0. The uncertainty of speed estimate (expressed as the s.d. of the error) was 1.1 km/h for walking, 0.7 km/h for running and 0.8 km/h for cycling.
Discussion
The potential advantages of the utilization of the GPS system are: (1) portable, (light and small size); (2) noninvasive non-obtrusive free-living measurements; (3) continuous measurement with`on line' data obtained on a miniature screen, hence feedback values for the subject; (4) free access to the GPSs satellites in any part of the world, at no ®nancial cost (in 1997); (5) reasonable cost of GPS receiver; (6) data could be stored and subsequently retrieved if required; (7) the technique can be used to independantly validate measurements of velocity of walking and running by other techniques (such as by accelerometry (1).
The major disadvantages are: (1) Only activities involving outside displacements of the body, such as walking and running can be assessed; (2) failure to measure displacements when the access to the sky is obstructed by tall buildings or terrain; (3) static activities cannot be measured; (4) depends upon the continuous access to at least three satellites simultaneously (for 2D assessment).
It is well known that the US Military intentionally limits civilian accuracy of GPS by altering the satellite Atomic clocks according to a speci®c code. This means that the data obtained in our preliminary study could be substantially improved without such`dithering' of the clocks. Nowadays, this`noise' can be continuously determined at a ®xed ground station and appropriate corrections can be made. This forms the basis of differential GPS. Future investigations should explore the gain in accuracy of differential GPS corrections in predicting the velocity of walking and running in man. Figure 1 Relationship between the speed of displacement (walking, running and cycling) assessed by GPS (n 76) and that determined by direct measurement by means of chronometry in one male subject (r 0.99, P`0.0001). The linear regression equation was: speed GPS 0.42 0.974 speed chrono .
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